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In  an  effort  to  describe  periods  of  profound  change  in  military 
organization  and  practice,  historians  have  given  us  a  unique 
way  to  classify  and  describe  these  developments  in  a  historical 
perspective.  The  concept  describes  advances  in  the  art  and 
practice  of  combat  arms  resulting  in  profound  change  as  “mil¬ 
itary  revolutions”  accompanied  by  supporting  “revolutions  in 
military  affairs.” 

Military  Revolutions 

Murray  and  Knox1  equated  military  revolutions  to 
“earthquakes.”  These  earthquakes  forced  a  fundamental 
change  in  society  and  a  state,  and  the  state  consequently  al¬ 
tered  the  way  it  created  and  projected  military  power.  Murray 
and  Knox  recognize  five  major  military  revolutions  that  have 
had  that  impact  on  Western  history:  the  17th  century  creation 
of  the  modem  state  and  modern  military  institutions;  the 
French  Revolution;  the  Industrial  Revolution;  World  War  1; 
and,  most  recently,  nuclear  weapons  and  ballistic  missile  de¬ 
livery  systems.  This  concept  of  military  revolutions  has  also 
carried  into  the  field  of  military  medicine. 

Military  Medical  Revolutions 

Throughout  recorded  history,  there  have  been  several 
profound  medical  enlightenments  that  can  be  seen  as  revolu¬ 
tions  or  “earthquakes”  in  the  management  of  combat  wounded 
(Table  1).  With  incremental  and  cumulative  advances,  the 
concept  of  the  military  medical  revolution  (MMR)  can  be 
defined  by  the  amalgamation  of  the  multiple  and  progressively 
complex  medical  advances  defined  by  the  term  revolution  in 
military  medical  affairs  (RMMA).  RMMAs  supporting  the 
overall  MMR  occurred  during  the  American  Civil  War,  World 
War  I,  World  War  II,  the  Korean  War,  and  the  Vietnam  War. 

MMRs  in  the  past  two  centuries  have  been  bom  of  mul¬ 
tiple  advances  that  form  the  underpinnings  of  a  true  revolution. 
The  American  Civil,  Crimean,  and  Franco-Prussian  Wars  saw 
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the  nascent  practice  of  battlefield  anesthesia,  system  of  multiple 
hospitals,  nursing  care,  and  antisepsis  that,  in  the  aggregate, 
would  meet  the  definition  of  the  first  MMR  supported  by 
multiple  RMMAs.  Subsequent  examples  of  RMMAs  support¬ 
ing  the  overall  MMR  (Fig.  1)  occurred  during  the  World  War  1/ 
World  War  II  era  and  during  the  Korean/ Vietnam  War  era. 2-5 

Many  advances  in  combat  casualty  care  from  the  point  of 
injury  to  rehabilitation  in  the  continental  United  States  were 
made  during  the  overseas  contingency  operations  in  Iraq  and 
Afghanistan  within  the  decade  from  2001  to  2011.  The  pre¬ 
hospital  advances  categorized  as  individual  RMMAs  are  shown 
(Table  2).  Many  of  these  RMMAs  were  directly  translated 
from  civilian  trauma  practice,  whereas  others  were  developed 
by  the  military  and  subsequently  translated  into  the  civilian 
injury  care  environment. 

The  RMMAs  that  occurred  during  the  last  10  years  of 
combat  casualty  care  in  the  realm  of  prehospital  care  are  de¬ 
tailed  in  the  following  sections. 

PREHOSPITAL  CARE 

Tourniquets 

For  two  millennia,  tourniquets  were  the  most  controversial 
topic  in  first  aid,6-7  but  now  they  are  not — they  are  an  essential 
first  aid  tool  on  the  battlefield.  This  change  from  controversial 
to  essential  was  an  RMMA,  a  new  beginning  for  an  old  device. 

As  recently  as  the  war  in  Vietnam,  tourniquet  use  was 
sporadic  as  soldiers  were  trained  that  tourniquets  were  a  “last 
resort”  while  some  military  physicians  strongly  advocated  for 
their  use.  Neither  point  nor  counterpoint  had  adequate  data  to 
substantiate  its  claim  and  published  literature  largely  relied 
on  opinion. 

When  US  forces  went  to  war  in  Afghanistan  in  2001, 
with  the  exceptions  of  a  few  Special  Operation  Forces  (SOF) 
units,  they  went  without  tactical  tourniquets  and  were  trained 
not  to  use  tourniquets.  In  2001,  at  the  onset  of  hostilities  in 
Afghanistan,  none  of  the  other  military  services  had  service¬ 
wide  tourniquet  policies  or  programs  in  place.  As  the  United 
States  and  her  coalition  partners  suffered  losses  in  Afghanistan, 
attention  was  redirected  to  deaths  from  potentially  surviv- 
able  injuries,  especially  extremity  hemorrhage.  Similar  to  the 
Afghanistan  operational  experience,  in  March  2003  on  entry 
into  Iraq,  some  of  the  first  US  military  deaths  were  soldiers  who 
exsanguinated  from  isolated  limb  injuries.  Subsequently,  the 
US  Army  Institute  of  Surgical  Research  spearheaded  efforts  to 
assess  tourniquet  options  that  met  specific  criteria  for  deploy¬ 
ment.6  In  2004,  with  growing  clinical  and  testing  experience, 
military  medical  experts  recommended  that  modern  tourni¬ 
quets  be  fielded  widely  to  the  deployed  forces.6  The  US 
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TABLE  1.  MMR  and  Supporting  RMMAs 


MMR 

RMMA 

Wound  care  and  patient 

Dressings  and  abandonment  of 

transport,  16  1 8th  centuries 

hot  oil  (Pare) 

Gunpowder  not  a  poison  (Hunter) 
Flying  ambulance  (Larrey) 
Hospital  as  a  sanctuary  (Pringle) 

19th  century  (American  Civil  War, 

Hospital  systems 

Franco-Prussian  War,  Crimean  War) 

Anesthesia 

Antisepsis/sanitation  (Lister, 
Pasteur,  Koch) 

Nursing  care  (Nightingale) 

World  War  I  and  World  War  II 

Antibiotics 

Blood  transfusions 

Dakin’s  solution 

Positive-pressure  ventilation  for 
“wet  lung” 

Traction  for  femur  fractures 

FDP 

Mobile  far-forward  surgery 

Korean  War  and  Vietnam  War 

Renal  dialysis 

Helicopter  evacuation 
Transcontinental  evacuation 
Vascular  repair 

Mafenide  bum  topical 
Identification  of  acute  respiratory 
distress  syndrome 
(“Da  Nang  lung”) 

Adapted  from  Pruitt  and  Pruitt2  (2008). 

Special  Operations  Command  (USSOCOM)  was  the  first 
command  to  mandate  tourniquets  for  its  deploying  combatants 
(USSOCOM  Chief  of  Staff,  Tactical  Combat  Casualty  Care 
Training  and  Equipment  e-mail  message,  March  5,  2005).  By 
2006,  tourniquet  use  on  the  battlefield  had  become  ubiquitous. 
The  combat  support  hospital  at  Ibn  Sina  Hospital  (Baghdad, 
Iraq)  was  a  central  hub  of  medical  care  in  Iraq.  At  Ibn  Sina 
Hospital,  investigators  documented  the  lifesaving  impact  of 
prehospital  tourniquets  with  more  precision  than  had  ever 
been  accomplished  in  previous  studies.  In  a  comprehensive 
approach,  prehospital  emergency  tourniquets  saved  lives  when 
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TABLE  2.  RMMAs,  2001  to  201 1  Overseas  Contingency 
Operations  in  Afghanistan  and  Iraq 


Overseas  Contingency  Operation 

RMMA 

Prehospital  care 

Tourniquets 

Topical  hemostatic  agents  or  dressings 
Hypothermia  prevention 

UK  MERT  Team  prehospital  care 
Hypotensive  resuscitation 
Prehospital  resuscitation  with  FDP 
Junctional  tourniquet 

they  were  used  rapidly  and  correctly  in  the  setting  of  life- 
threatening  extremity  hemorrhage.  Comparing  data  on  tourni¬ 
quet  use  before-  versus  after-shock  onset,  placement  prehospital 
versus  hospital,  and  no  tourniquet  use  versus  tourniquet  use 
painted  a  clear  picture  of  major  survival  benefit  with  powerful, 
scalable,  temporal,  and  physiologically  based  associations.7 

Modern  tourniquet  use  has  had  a  far  reaching  impact 
and  has  been  responsible  for  saving  an  estimated  one  to  two 
thousand  US  military  lives  in  Operation  Enduring  Freedom 
and  Operation  Iraqi  Freedom.  Tourniquets  are  now  perceived 
as  an  essential  tool  for  implementing  best  practice  care  of  war 
casualties.  After  aggressive  reintroduction,  use  of  the  battle¬ 
field  tourniquet  has  been  the  signature  lifesaving  prehospital 
intervention  of  the  wars  in  Iraq  and  Afghanistan  and  repre¬ 
sents  a  profound  change  in  prehospital  combat  casualty  care. 

Hemostatic  Dressings 

Hemorrhage  remains  the  leading  cause  of  potentially 
preventable  death  among  combat  casualties.  The  urgency  of 
this  problem  led  to  a  revolution  in  the  development  and  use  of 
battlefield  hemostatic  dressings.  For  more  2,000  years,  gauze 
dressings  have  been  used  to  staunch  bleeding.  In  efforts  to 
improve  on  this  ancient  hemostatic  dressing,  military  labora¬ 
tories  developed  test  and  evaluation  programs  for  these  pro¬ 
ducts  resulting  in  improved  dressings  fielded  expeditiously  to 
treat  life-threatening  hemorrhage. 

First  Generation  of  Hemostatic  Dressings 

The  US  Army’s  early  effort  to  improve  hemostatic 
dressings  focused  on  the  dry  fibrin  sealant  dressing.8  This 
dressing  was  briefly  deployed  to  SOF  medics  in  Iraq  but  was 
withdrawn  because  of  regulatory  challenges.  This  agent  was 
replaced  with  the  HemCon  bandage  (HC).  These  dressings 
were  widely  distributed  among  US  Army  forces  for  use  on  the 
battlefield.  HC  is  made  of  freeze-dried  chitosan  and  works  by 
tissue  adhesion  and  interaction  of  its  positively  charged  chit¬ 
osan  with  negatively  charged  blood  cells.9  Concurrent  with 
HC  fielding  by  the  US  Army,  QuikClot,  a  granular  hemostatic 
agent,  was  deployed  by  the  US  Navy  and  the  US  Marine 
Corps.  Experimental  studies  demonstrated  efficacy  against 
venous  bleeding10  or  mixed  arterial  and  venous  bleeding 
(better  than  gauze  or  no  treatment  at  all);11  however,  it  was 
ineffective  against  a  more  severe  arterial  bleeding.12  The 
proposed  mechanism  of  this  mineral-based  (zeolite)  agent 
is  through  absorbance  of  water  and  concentration  of  blood 
clotting  proteins  and  cells  resulting  in  hemostasis.13  The 
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significant  heat  generated  as  a  result  of  interaction  of  zeolite 
with  blood/water  may  have  also  contributed  to  the  hemostatic 
function,  but  the  heat  generated  was  the  source  of  safety 
concerns  and  documented  bums.10,14 

Second  Generation  of  Hemostatic  Dressings 

The  effort  to  find  better  hemostatic  products  and  support 
development  of  more  promising  agents  continued,  and  by 
2007,  a  number  of  new  topical  hemostatic  agents  had  received 
clearance  from  the  US  Food  and  Drug  Administration  (FDA) 
and  were  subjected  to  comprehensive  studies  in  two  indepen¬ 
dent  military  laboratories. 15-18  Based  on  an  analysis  of  data 
from  animal  models  designed  to  evaluate  both  safety  and  ef¬ 
ficacy,  in  2008,  Combat  Gauze  was  recommended  by  the 
Committee  on  Tactical  Combat  Casualty  Care  for  distribution 
to  US  forces.  Combat  Gauze  has  now  been  widely  distributed 
and  essentially  has  replaced  the  previously  deployed  hemo¬ 
static  agents  (HC  and  QuikClot). 

Hypothermia  Prevention 

Flypothermia,  defined  as  a  core  body  temperature  of  35°C 
or  less,  has  been  associated  with  greater  resuscitation  fluid 
requirements,  prolonged  clotting  times,  and  other  dysfunctions 
of  the  hemostatic  process,  independent  of  the  development  of 
acidosis  following  traumatic  injury.19-22  For  the  military,  the 
hypothermia  incidence  rate  was  6.0%,  and  hypothermic  ca¬ 
sualties  had  a  significantly  higher  mortality  rate.23 

Efforts  to  prevent  hypothermia  onset  are  a  challenge  in 
military  prehospital  settings  (US  Army  Levels  I  and  II),  and 
hypothermia  prevention  has  become  a  high  priority,  leading  to 
its  inclusion  in  the  teachings  of  Tactical  Combat  Casualty  Care 
(TCCC).  The  wool  blanket  has  a  long  history  but  has  recently 
been  shown  to  provide  little  benefit  in  preventing  heat  loss.24 
The  consequent  innovation  was  the  development  of  the  Hy¬ 
pothermia  Prevention  and  Management  Kit  (HPMK)  to  pro¬ 
vide  warmth  for  several  hours  without  an  external  power 
source.  The  HPMK  includes  a  reflective  blanket  with  an  in¬ 
corporated  hood  and  four  built-in  chemical  heating  elements 
that  are  more  effective  in  maintaining  body  temperature.24 
When  the  HPMK  was  combined  with  a  targeted  training 
program  and  diligent  process  improvement  initiative,  the  US 
Military  was  able  to  significantly  reduce  the  incidence  of  hy¬ 
pothermia  in  combat  casualties. 

Prehospital  Care  in  the  United  Kingdom 
Defence  Medical  Service 

The  rapid  tactical  evacuation  (TACEVAC)  of  military 
casualties  from  the  battlefield  to  higher  echelons  of  care  is  a 
crucial  mission  to  preserve  the  life  of  casualties  in  critical 
conditions.  TACEVAC  includes  evacuation  by  both  designat¬ 
ed  medical  (MEDEVAC)  mobility  assets  and  casualty  evacu¬ 
ation  (CASEVAC)  by  tactical  mobility  platforms.  Helicopter 
TACEVAC  enables  relatively  rapid,  long-range  evacuations 
independent  of  ground  transportation  infrastructure.  Recog¬ 
nition  that  severely  injured  patients  can  significantly  benefit 
from  lifesaving  interventions  such  as  damage-control  resusci¬ 
tation  (DCR),  advanced  airway  maneuvers,  and  thoracic  trau¬ 
ma  management  before  arrival  at  a  Role  2  facility  led  to  the 
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development  of  the  Medical  Emergency  Response  Team 
(MERT),  a  revolution  in  military  medical  evacuation  (Fig.  2). 

The  use  of  physicians  and  nurses  in  aeromedical  evacu¬ 
ation  has  its  roots  in  the  Incident  Response  Team  used  in  Iraq, 
which  included  an  emergency  nurse  and  a  doctor  when  re¬ 
quired.  This  concept  was  expanded  in  2006  in  response  to  the 
potential,  long  evacuation  times  of  casualties  inherent  to  UK 
Armed  Forces  operations  in  Helmand  Province  in  southern 
Afghanistan.25  The  MERT  consists  of  a  critical  care  skilled 
registered  general  nurse  with  emergency  medicine  background 
and  a  paramedic.26  This  team  is  equipped  and  trained  to 
provide  battlefield  advanced  trauma  life  support  interventions. 
This  basic  MERT  format  is  almost  always  “enhanced” 
(MERT-E)  with  the  inclusion  of  a  second  paramedic  and  a 
senior  physician  (consultant  or  very  senior  trainee)  drawn 
from  the  emergency  medicine  or  intensive  care  cadre,  enabling 
physician-led  interventions.27  The  MERT  is  capable  of  de¬ 
ploying  on  a  variety  of  platforms,  but  in  Afghanistan,  MERT 
uses  a  CH-47  Chinook.  The  CH-47  is  capable  of  carrying 
up  to  8  stretcher  cases  or  20  ambulatory  casualties,  and  in 
addition  to  the  MERT,  the  CH-47  also  carries  four  soldiers 
who  provide  force  protection  and  can  assist  the  MERT  with 
basic  procedures. 

The  underlying  philosophy  is  the  concept  of  early  critical 
care  that  dovetails  into  the  UK  Defence  Medical  Service  trau¬ 
ma  system  paradigm  of  DCR.  The  practices  of  the  MERT  that 
facilitate  the  delivery  of  this  medical  doctrine  for  catastrophic 
bleeding,  airway  protection,  thoracic  trauma  management,  and 
other  clinical  and  nonclinical  aspects  are  as  follows. 

Catastrophic  Bleeding 

In  addition  to  hemostatic  advanced  dressings  and  tour¬ 
niquets,  early  hemostatic  resuscitation  with  prehospital  blood 
products  is  a  key  component  of  DCR.  The  MERT-E  carries  a 
cold  box  containing  4  U  of  O-positive  packed  red  blood  cells 
(PRBCs)  and  4  U  of  fresh  frozen  plasma  (FFP),  and  any  dis¬ 
pensed  blood  products  are  given  through  a  fluid  warmer.  The 
decision  to  transfuse  is  physician  led  and  is  intended  for  criti¬ 
cally  shocked  patients  who  are  considered  salvageable.  These 


Figure  2.  Medical  Emergency  Response  Team. 
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are  difficult  decisions  that  require  experience  and  injury  pattern 
recognition — a  theme  throughout  MERT  practice.  In  parallel 
with  the  administration  of  prehospital  blood  is  the  option  to 
administer  the  antifibrinolytic  drug  tranexamic  acid.28 

Airway  Protection 

A  skill  common  to  all  physicians  deploying  on  the  MERT- 
E  is  that  they  must  be  proficient  at  airway  assessment  and 
competent  to  definitively  secure  an  airway  if  required.  Generally, 
this  takes  the  form  of  a  rapid  sequence  induction  using  direct 
laryngoscopy.  Several  rescue  devices  are  also  available  as 
alternatives  or  for  use  in  a  failed  intubation  such  as  supraglottic 
airways,  optical  laryngoscopes,  and  cricothyroidotomy. 

Thoracic  Trauma  Management 

A  large  supply  of  oxygen  is  carried  on  the  CH-47.  This 
allows  the  administration  of  15  L  per  minute  for  all  casualties 
carried  if  required.  Apart  from  application  of  a  chest  seal,  the 
main  thoracic  intervention  practiced  on  the  MERT  and  MERT- 
E  is  the  thoracostomy  to  decompress  the  chest.  A  more  radical 
approach  to  patients  in  extremis  is  to  perform  a  prehospital 
thoracotomy  with  the  aim  of  releasing  a  tamponade,  control¬ 
ling  hemorrhage,  and/or  controlling  the  aorta.29  Although  this 
facility  exists  on  the  MERT-E,  few  have  been  performed,  with 
no  survivors  to  date. 

Prehospital  Resuscitation  with 
Freeze-Dried  Plasma 

Although  the  field  of  transfusion  medicine  was  essen¬ 
tially  bom  on  the  battlefields  of  World  War  I  and  freeze-dried 
plasma  (FDP)  was  developed  early  in  the  1940s  and  exten¬ 
sively  used  by  US  Forces  during  World  War  II,  hemorrhage 
resuscitation  practices  strayed  widely  from  the  experience  of 
these  conflicts,  and  it  is  only  now  that  we  are  developing  the 
scientific  evidence  to  establish  prehospital  FDP  use  as  an 
RMMA.  Crystalloid  was  widely  used  to  treat  hemorrhagic 
shock  resuscitation  during  the  Vietnam  War,  and  this  practice 
became  codified  in  the  Advanced  Trauma  Life  Support 
teachings  developed  for  civilian  trauma  systems  during  the 
1970s  and  1980s.  By  the  1990s,  it  was  recognized  that  this 
practice  had  caused  a  virtual  epidemic  of  dilutional  coagulo¬ 
pathy  and  abdominal  compartment  syndrome  in  severely  in¬ 
jured  trauma  patients  who  were  aggressively  resuscitated. 
Early  US  military  experience  in  Somalia,  Afghanistan,  and 
Iraq  revitalized  the  concept  of  treating  hemorrhage  with  plas¬ 
ma  to  preserve  coagulation  system  function  and  treat  the  acute 
coagulopathy  of  trauma  as  well  as  to  replace  physiologic 
buffers  and  treat  acidosis. 

The  requirement  to  keep  plasma  frozen  presents  obvious 
logistical  problems  for  operational  military  use,  particularly 
during  operations  in  remote  and  austere  environments.  An 
FDP  product  that  would  be  stable  at  ambient  temperatures  and 
that  could  be  reconstituted  for  use  on  demand  would  permit 
delivery  of  plasma  to  bleeding  casualties  in  the  field  and  re¬ 
duce  suboptimal  treatment  with  crystalloids  and  colloids.  The 
US  military  is  currently  developing  such  products  with  com¬ 
mercial  partners.  While  these  programs  advance  toward  the 
goal  of  approval  from  the  FDA,  the  USSOCOM  has  partnered 
with  the  French  military  to  field  French-made  FDP  under  an 
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expanded  access  investigational  new  drug  protocol.  The 
French  FDP  will  be  used  in  far-forward  operations  by  SOF 
medical  personnel  to  treat  critically  wounded  casualties.  This 
French  product  represents  the  first  step  in  the  long  march  to 
restoring  FDP  to  the  US  trauma  care  armamentarium  after  a 
decades-long  hiatus.  This  concept  has  been  reviewed  and  en¬ 
dorsed  by  the  Defense  Health  Board.  It  is  anticipated  that  this 
nascent  RMMA  will  result  in  improved  battlefield  care  and  pave 
the  way  for  a  transformation  of  civilian  trauma  resuscitation. 

Transformations  in  Military  Blood  Banking 

The  wars  in  Afghanistan  and  Iraq  are  the  first  major 
conflicts  fought  by  the  United  States  in  the  modem  era  of 
transfusion  medicine.  At  the  beginning  of  the  conflicts  in 
Afghanistan  and  Iraq,  the  standard  blood  products  available  to 
deployed  US  military  units  were  PRBCs  and  FFP.  Cryopreci- 
pitate  and  platelets  were  unavailable.  Military  doctrine  allowed 
for  emergency  use  of  fresh  whole  blood  (FWB)  in  combat  set¬ 
tings  if  components  were  unavailable  or  if  it  was  thought  that  a 
patient  would  benefit  from  FWB  (e.g.,  owing  to  a  deficiency  of 
platelets).  In  2004,  apheresis  platelets  were  collected  in  Balad, 
Iraq,  for  use  in  combat  trauma.  The  Afghanistan/Iraq  war  saw 
the  development  of  the  concept  of  DCR.30  This  led  to  a  sig¬ 
nificant  increase  in  FFP  use  and  the  unprecedented  distribu¬ 
tion  of  FFP  to  the  Role  2/Forward  Surgical  Team  setting. 
Positive  results  from  analyses  of  platelet  transfusion  led  the 
Army  Surgeon  General  to  mandate  availability  of  apheresis 
platelets  in  every  Role  3/combat  support  hospital  setting  in 
2008. 31  US  military  blood  banking  practice  thus  adapted  to 
support  the  implementation  of  1:1:1  (platelet/FFP/PRBC) 
transfusion  across  the  vast  Central  Command  area  of  opera¬ 
tions.  In  addition,  Armed  Services  Blood  Program  Office 
worked  relentlessly  to  speed  delivery  of  PRBC  units  to  theater 
so  that  the  average  age  of  such  units  arriving  in  theater  con¬ 
tinued  to  drop,  such  that,  in  2012  the  average  age  of  PRBC 
units  transfused  in  Afghanistan  was  21  days.  Interestingly, 
more  than  8,000  U  of  FWB  have  been  transfused,  with  data 
showing  improved  outcomes  when  compared  with  compo¬ 
nents.32  Finally,  important  strides  to  improve  transfusion 
safety  were  made  for  recipients  of  FWB  with  the  fielding  of 
rapid  tests  for  human  immunodeficiency  virus,  hepatitis  B 
virus,  and  hepatitis  C  virus. 

Junctional  Tourniquet 

In  an  autopsy  analysis  of  558  US  casualties  who  died  of 
wounds,  51.4%  had  potentially  survivable  injuries.  Eastridge 
et  al.33  reported  that  in  the  hemorrhage  mechanism  of  poten¬ 
tially  survivable  cases,  21%  had  junctional  (neck,  axilla, 
groin)  bleeding  as  the  dominant  mechanism  of  death.32  In 
2008,  Blackboume  et  al.34  made  a  plausibility  case  that  Lis¬ 
ter’s  tourniquet,  which  was  used  in  surgery  for  hemorrhage 
control,  could  be  used  prehospital  by  medics  to  control  hem¬ 
orrhage  as  a  next  generation  of  tourniquets.  Compared  with 
extremity  tourniquets,  junctional  tourniquets  present  a  greater 
challenge.  Severe  junctional  wounds  are  larger,  more  proxi¬ 
mal,  and  anatomically  more  complex  and  involve  more  asso¬ 
ciated  injuries  of  greater  severity  than  other  wounds.35  The 
bleeding  is  faster,  and  the  intervention  is  needed  more  quickly, 
whereas  the  vessels  are  harder  to  compress.35 
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In  response  to  this  challenge,  the  Medical  Research 
and  Materiel  Command  issued  a  Request  For  Information 
(W8 1XWH-RFI-003)  on  March  3,  2010.  The  Combat  Ready 
Clamp  (Combat  Medical  Systems,  Fayetteville,  NC)  was  de¬ 
veloped  in  response.  The  clamp  was  approved  by  the  FDA  for 
difficult  inguinal  bleeds  on  the  battlefield  in  2010,  and  in 
2011,  the  Committee  on  Tactical  Combat  Casualty  Care 
voted  to  recommend  the  junctional  tourniquet,  and  the  rec¬ 
ommendation  was  approved  by  the  Defense  Health  Board  in 
2011  (Combat  Ready  Clamp).  As  the  first  devices  are  fielded 
in  Afghanistan,  work  continues  to  assess  these  devices  in 
theater  and  in  laboratory  studies. 

CONCLUSION 

TCCC  divides  care  into  three  phases  based  on  the  tac¬ 
tical  situation.  During  active  hostile  threat,  attention  is  focused 
primarily  on  eliminating  the  threat.  As  the  threat  decreases, 
increasing  focus  is  applied  to  providing  the  best  possible 
medical  care  for  the  casualties.  This  paradigm  of  field  care  in 
tactical  settings  is  very  different  from  civilian  environment. 
Tactical  and  environmental  factors  have  a  profound  impact  on 
trauma  care  rendered  on  the  battlefield.  Good  medicine  can  be 
bad  tactics.  These  tenets  of  prehospital  care  on  the  battlefield 
have  been  revolutionized  by  the  dissemination  of  the  princi¬ 
ples  of  TCCC  and  have  dramatically  improved  combat  casu¬ 
alty  outcomes. 

AUTHORSHIP 

L.H.B.  was  responsible  for  the  concept  and  design  of  this  article,  com 
pilation  of  the  text,  figure  and  table  composition,  and  extensive 
reviews.  All  authors  listed  contributed  a  section,  with  references,  in  their 
area  of  expertise  and  reviewed  the  article.  In  addition,  D.G.B.  and  B.J.E. 
provided  extensive  reviews  of  the  article. 


ACKNOWLEDGMENTS 

We  thank  Ms.  Otilia  Sanchez  for  the  expert  editorial  support  and  Mr. 
Glen  Gueller  for  the  expert  graphics  support. 


DISCLOSURE 

No  funding  was  received  from  the  National  Institutes  of  Health,  Wellcome 
Trust,  or  Howard  Hughes  Medical  Institute. 


REFERENCES 

1 .  Murray  W,  Knox  M.  1 :  Thinking  about  revolutions  in  warfare.  In:  Knox 
M,  Murray  W,  eds.  The  Dynamics  of  Military  Revolution,  1300  2050. 
New  York,  NY:  Cambridge  University  Press;  2009:6. 

2.  Pruitt  BA,  Pruitt  JH.  History  of  trauma  care.  In:  Feliciano  D,  Mattox  J, 
Moore  E,  eds.  Trauma.  6th  ed.  McGraw-Hill,  New  York:  Medical; 
2008:1  23. 

3.  Brewer  LA,  Burbank  B,  Samson  PC,  Schiff  CA.  The  “wet  lung”  in  war 
casualties.  Ann  Surg.  1 946;  123:343  362. 

4.  Trunkey  D.  History  and  development  of  trauma  care  in  the  United  States. 
Clin  Orthop  Rel  Res.  2000;374:36  46. 

5.  Brewer  LA  3rd.  The  contributions  of  the  Second  Auxiliary  Surgical 
Group  to  military  surgery  during  World  War  II  with  special  reference  to 
thoracic  surgery.  Ann  Surg.  1983;  197:3 18  326. 

6.  Kragh  JF  Jr,  Walters  TJ,  Baer  DG,  et  al.  Practical  use  of  emergency 
tourniquets  to  stop  bleeding  in  major  limb  trauma.  J  Trauma.  2008; 
64:S38  S50. 

S376 


7.  Kragh  JF  Jr,  et  al.  Survival  with  emergency  tourniquet  use  to  stop 
bleeding  in  major  limb  trauma.  Ann  Surg.  2009;249:1  7. 

8.  Holcomb  JB,  MacPhee  M,  Hetz  S.  Efficacy  of  a  dry  fibrin  sealant  dressing 
for  hemorrhage  control  after  ballistic  injury.  Arch  Surg.  1998;  133:32  35. 

9.  Pusateri  AE,  McCarthy  SJ,  Gregory  KW,  Harris  RA,  Cardenas  L, 
McManus  AT,  et  al.  Effect  of  a  chitosan-based  hemostatic  dressing  on 
blood  loss  and  survival  in  a  model  of  severe  venous  hemorrhage  and 
hepatic  injury  in  swine.  J  Trauma.  2003 ;54: 177  182. 

10.  Pusateri  AE,  Delgado  AV,  Dick  EJ  Jr,  Martinez  RS,  Holcomb  JB,  Ryan 
KL.  Application  of  a  granular  mineral-based  hemostatic  agent  (QuikClot) 
to  reduce  blood  loss  after  grade  V  liver  injury  in  swine.  J  Trauma. 
2004;57:555  562;  discussion  562. 

11.  Alam  HB,  Chen  Z,  Jaskille  A,  Querol  RI,  Koustova  E,  Inocencio  R,  et  al. 
Application  of  a  zeolite  hemostatic  agent  achieves  100%  survival  in  a 
lethal  model  of  complex  groin  injury  in  Swine.  J  Trauma.  2004; 
56:974  983. 

12.  Acheson  AE,  Kheirabadi  BS,  Deguzman  R,  Dick  EJ,  Holcomb  JB. 
Comparison  of  hemorrhage  control  agents  applied  to  lethal  extremity 
arterial  hemorrhages  in  swine.  J  Trauma.  2005 ;59: 865  874;  discussion 
874  875. 

13.  Alam  HB,  Uy  GB,  Miller  D,  et  al.  Comparative  analysis  of  hemostatic 
agents  in  a  swine  model  of  lethal  groin  injury.  J  Trauma.  2003; 
54:1077  1082. 

14.  Wright  JK,  Kalns  J,  Wolf  EA,  Traweek  F,  Schwarz  S,  Loeffler  CK,  et  al. 
Thermal  injury  resulting  from  application  of  a  granular  mineral  hemo¬ 
static  agent.  J  Trauma.  2004;57:224  230. 

15.  Amaud  F,  Teranishi  K,  Tomori  T,  Carr  W,  McCarron  R.  Comparison  of  10 
hemostatic  dressings  in  a  groin  puncture  model  in  swine.  J  Vase  Surg. 
2009;50:632  639. 

16.  Amaud  F,  Parreno-Sadalan  D,  Tomori  T,  et  al.  Comparison  of  10  hemo¬ 
static  dressings  in  a  groin  transection  model  in  swine.  J  Trauma. 
2009;67:848  855. 

17.  Kheirabadi  BS,  Edens  JW,  Terrazas  IB,  et  al.  Comparison  of  new  hemo¬ 
static  granules/powders  with  currently  deployed  hemostatic  products  in  a 
lethal  model  of  extremity  arterial  hemorrhage  in  swine.  J  Trauma. 
2009;66:316  328. 

18.  Kheirabadi  BS,  Scherer  MR,  Estep  JS,  et  al.  Determination  of  efficacy  of 
new  hemostatic  dressings  in  a  model  of  extremity  arterial  hemorrhage  in 
swine.  J  Trauma.  2009;67:450  459. 

19.  Peng  RY,  Bongard  FS.  Hypothermia  in  trauma  patients.  J  Am  Coll  Surg. 
1999;  1 88:685  696. 

20.  Gentilello  LM,  Jurkovich  GJ,  Stark  MS,  et  al.  Advances  in  the  manage¬ 
ment  of  hypothermia.  Surg  Clin  North  Am.  1995;75:243  256. 

21.  Eddy  VA,  Morris  JA  Jr,  Cullinane  DC.  Hypothermia,  coagulopathy,  and 
acidosis.  Surg  Clin  North  Am.  2000;80:845  854. 

22.  Garcia  GD,  Modesto  VL,  Lee  KT.  Avoiding  hypothermia  in  trauma:  use 
of  the  flameless  heater  pack,  meal  ready  to  eat,  as  a  field-expedient  means 
of  warming  crystalloid  fluid.  Mil  Med.  2000;  165:903  904. 

23.  Wade  C,  Salinas  J,  Eastridge  B,  et  al.  Admission  hypo-  or  hyperthermia 
and  survival  after  trauma  in  civilian  and  military  environments.  Int  J 
Emerg  Med.  20 1 1  ;4:35. 

24.  Allen  PB,  Salyer  SW,  Dubick  MA,  et  al.  Preventing  hypothermia:  com¬ 
parison  of  current  devices  used  by  the  US  Army  in  an  in  vitro  warmed 
fluid  model.  J  Trauma.  201 0;69(suppl  1):S  1 54  S 1 6 1 . 

25.  McLeod  J,  Hodgetts  T,  Mahoney  P.  Systems  analysis  combat  “Category 
A”  calls:  evaluating  the  pre-hospital  timelines  in  a  military  trauma  system. 
J R  Army  Med  Corps .  2007;153:266  268. 

26.  Davis  P,  Rickards  A,  Ollerton  J.  Determining  the  composition  and  benefit 
of  the  pre-hospital  medical  response  team  in  the  conflict  setting.  JR  Army 
Med  Corps.  2007;  153:269  273. 

27.  Calderbank  P,  Woolley  T,  Mercer  S,  Schrager  J,  Kazel  M,  Bree  S,  et  al. 
Doctor  on  board?  What  is  the  optimal  skill-mix  in  military  pre-hospital 
care?  Emerg  Med  J.  20 1 1  ;28:882  883. 

28.  Morrison  J,  Dubose  J,  Rasmussen  T.  Military  application  of  tranexamic 
acid  in  trauma  emergency  resuscitation  (MATTERs)  study.  Arch  Surg. 
20 12;  147: 113  119. 

29.  Morrison  JJ,  Mellor  A,  Midwinter  M,  Mahoney  PF,  Clasper  JC.  Is  pre¬ 
hospital  thoracotomy  necessary  in  the  military  environment?  Injury. 
201 1;42:469  473. 

©  2012  Lippincott  Williams  &  Wilkins 


Copyright  ©  2012  Lippincott  Williams  &  Wilkins.  Unauthorized  reproduction  of  this  article  is  prohibited. 


J  Trauma  Acute  Care  Surg 
Volume  73,  Number  6,  Supplement  5 


Blackbourne  et  al. 


30.  Holcomb  JB,  Jenkins  D,  Rhee  P,  Johannigman  J,  Mahoney  P,  Mehta  S, 
Cox  ED,  Gehrke  MJ,  Beilman  GJ,  Schreiber  M,  et  al.  Damage  control 
resuscitation:  directly  addressing  the  early  coagulopathy  of  trauma.  J  Trauma. 
2007;62:307  310. 

31.  Perkins  JG,  Cap  AP,  Spinella  PC,  et  al.  An  evaluation  of  the  impact  of 
apheresis  platelets  used  in  the  setting  of  massively  transfused  trauma 
patients.  J  Trauma.  2009;66(suppl  4):S77  S84. 

32.  Spinella  PC,  Perkins  JG,  Grathwohl  KW,  Beekley  AC,  Holcomb  JB. 
Warm  fresh  whole  blood  is  independently  associated  with  improved  sur¬ 
vival  for  patients  with  combat-related  traumatic  injuries.  J  Trauma. 
2009;66(suppl  4):S69  S76. 


33.  Eastridge  BJ,  Hardin  M,  Cantrell  J,  Oetjen-Gerdes  L,  Zubko  T,  Mallak  C, 
Wade  CE,  Simmons  J,  Mace  J,  Mabry  R,  Bolenbaucher  R,  Blackbourne  LH. 
Died  of  wounds  on  the  battlefield:  causation  and  implications  for  im¬ 
proving  combat  casualty  care.  J  Trauma.  201 1  ;7 1  :S4  S8. 

34.  Blackbourne  LH,  Mabry  R,  Sebesta  J,  Holcomb  JH.  Joseph  Lister,  non- 
compressible  arterial  hemorrhage,  and  the  next  generation  of  “tourni¬ 
quets?”  J  Army  Med  Dept.  2008;56  59. 

35.  Kragh  JF  Jr,  Murphy  C,  Dubick  MA,  Baer  DG,  Johnson  J,  Blackbourne 
LH.  New  tourniquet  concepts  for  battlefield  hemorrhage  control.  US  Army 
Med  Dept  J.  201 1;38  48. 


©  2012  Lippincott  Williams  &  Wilkins 


S377 


Copyright  ©  2012  Lippincott  Williams  &  Wilkins.  Unauthorized  reproduction  of  this  article  is  prohibited. 


